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Abstract 
Aerosols are small particles suspended in the atmosphere. They may have profound effects on human health. Their 
effects on the physical environment can also be of importance as they have the ability to both scatter and absorb 
incident solar radiation. The ability of aerosols to deplete solar radiation can be quantified in terms of aerosol optical 
depth (AOD). AOD can be retrieved from the MODIS satellite. However, AOD from this satellite has a wide range of 
uncertainty, depending on environments and climatic zones. In this work, AOD retrieved from MODIS was 
compared to that obtained from ground-based measurements at four sites in the tropical environment of Thailand. 
These are Chiang Mai (18.78 ºN, 98.98 ºE), Ubon Ratchathani (15.25 ºN, 104.87 ºE), Nakhon Pathom (13.82 ºN, 
100.04 ºE) and Songkhla (7.2 ºN, 100.60 ºE). AOD at these sites was measured by using Cimel sunphotometers. The 
AOD data from these sites over a period of 2-5 years was used in the comparison. It was found that the discrepancy in 
terms of root mean squared difference between the daily AOD retrieved from MODIS and that of the ground-based 
measurements was in the range of 33.8%-53.7%. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Aerosols are small particles suspended in the atmosphere that may have profound effects on health [1-
4]. Added to this their effects on the physical environment may also be of importance, as they have the 
ability to both scatter and absorb incident solar radiation [5] and also modify cloud properties [6-10]. The 
aerosol optical depth (AOD), which is an indicator of aerosol loading in the vertical column of the 
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atmosphere, is the main parameter by which the ability of aerosols to deplete solar radiation is measured. 
One of the more critical problems is the lack of information on aerosol optical properties in these regions, 
which is still very limited and not sufficient to draw conclusions about climatic effects.  
The aerosol optical properties can be measured directly using ground-based measurements or derived 
from remote sensing observations. An estimation of aerosol optical properties from ground-based 
observations often involves measurements of direct and diffuse solar radiation in distinct narrow spectral 
bands [11]. In terms of satellite data, the Moderate Resolution Imaging Spectroradiometer (MODIS) 
aboard the NASA Earth Observation System’s Terra satellite is the major instrument designed to provide 
aerosol optical properties. 
Comparisons between the AOD from MODIS and ground-based measurements were carried out by a 
number of studies [12-13]. It can be concluded that the discrepancies of MODIS-derived AOD are within 
an acceptable range of r0.2AOD [14].  
The purpose of this paper is to compare AOD data retrieved from MODIS to that obtained from 
ground-based measurements at four sites in the tropical environment of Thailand. The paper starts with a 
brief description of the data including the ground-based measurements and the satellite data in the second 
section. The third section presents the results of the comparison between the MODIS derived aerosol 
optical depth values with the ones obtained from the ground-based measurements. The conclusions are 
presented in the last section. 
2. The data 
2.1 Ground-based measurements 
For this paper we procured sunphotometers and then installed them at our existing solar radiation 
monitoring stations in four main regions of Thailand. These stations are situated at Chiang Mai (18.78 ºN, 
98.98 ºE) in the Northern region, Ubon Ratchathani (15.25 ºN, 104.87 ºE) in the Northeastern region, 
Nakhon Pathom (13.82 ºN, 100.04 ºE) in the Central region and Songkhla (7.2 ºN, 100.60 ºE) in the 
Southern region (Fig. 1). The sunphotometers at Chiang Mai, Nakhon Pathom and Songkhla were 
fabricated by Cimel (model CE-318). In Ubon Ratchathani two sunphotometers were employed, the first 
sunphotometer was produced by Pread Co., Ltd. and the second was a Cimel sunphotometer.  
The Cimel sunphotometers take solar radiation measurements with the almucantar scan once per hour 
and at optical airmass of 4,3,2 and 1.7 in both the morning and afternoon. The instrument measures direct 
sun measurements at nominal wavelengths of 340, 380, 440, 500, 675, 870, 940 and 1020 nm and diffuse 
sky radiances at 440, 675, 870 and 1020 nm, with a bandwidth of 10 nm except 2 nm in the UV [15]. 
 All Cimel sunphotometers were incorporated into the Aerosol Robotic Network (AERONET) of 
NASA. These sunphotometers were calibrated by AERONET every 1-1.5 years, resulting in AOD 
accuracy of ~0.01-0.02, with the higher error in the UV [16]. AERONET AOD data screened for clouds 
by the algorithm of Smirnov et al. [17] that relies on the greater temporal variance of cloud versus aerosol 
optical depths. It should also be mentioned that only Version 2, level 2 AOD data were utilized in this 
study. Table 1 and Fig. 1 provide more details, including locations and periods of measurements. 
The Pread sunphotometer was equipped with a sun tracker (Kipp&Zonen, model 2AP). This 
sunphotometer measured only the spectral direct solar radiation at the wavelengths 350-1050 nm with a 
bandwidth of 3.6 nm. It takes solar radiation measurements every 5 minutes. This sunphotometer was 
calibrated by the manufacturer before and after the measurement period. 
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Fig. 1. Instruments and locations of the measurement sites. A, B, C and D indicate the main region of Thailand, namely the North, 
The Northeast, the Central and the South, respectively 
Table 1. Station details 
Station name Latitude Longitude Instrument and period of data 
Chiang Mai 18.78 ºN 98.98 ºN Cimel sunphotometer 
(October 2006 – September 2009) 
Ubon Ratchathani 15.25 ºN 104.87 ºN Pread sunphotometer 
(June 2008 – July 2009) and 
Cimel sunphotometer 
(October 2009 – December 2009) 
Nakhon Pathom 13.82 ºN 100.04 ºN Cimel sunphotometer 
(September 2006 – December 2009) 
Songkhla 7.2 ºN 100.60 ºN Cimel sunphotometer 
(January 2007 – December 2009) 
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2.2 Satellite data 
Moderate Resolution Imaging Spectroradiometer (MODIS) is an instrument on the Terra and Aqua 
satellites. The Terra and Aqua are polar-orbiting satellites which orbit the Earth in morning descending 
and afternoon ascending directions, respectively. The MODIS instrument collects spectral irradiance data 
in 36 wavelength bands ranging from 0.4 to 14.4 Pm (from visible to thermal infrared). Two spectral 
bands are imaged with the resolution of 250 m at nadir pixel dimensions, five spectral bands with the 
resolution of 500 m and 29 spectral bands with the resolution of 1000 m (http://modis.gsfc.nasa.gov/). In 
this study, we have used data from MODIS Terra AOD (MOD08_D3, in HDF format) for the period of 
2006 to 2009. Which corresponds to the ground-based measurements. The data has been obtained in a 
daily format (spatial resolution 1ox1o) from the Giovanni website (http://giovanni.gsfc.nasa.gov/). The 
AOD data from MODIS were sectorized over the locations of  Chiang Mai (18.78 ºN, 98.98 ºE), Ubon 
Ratchathani (15.25 ºN, 104.87 ºE), Nakhon Pathom (13.82 ºN, 100.04 ºE) and Songkhla (7.2 ºN, 100.60 
ºE).
3. Comparison of MODIS data using ground-based measurements 
The AOD data from MODIS at four stations were compared with the measurements over the four main 
regions of Thailand, situated at Chiang Mai, Ubon Ratchathani, Nakhon Pathom and Songkhla. This 
validation was accomplished by a comparison of the aforementioned data at a wavelength of 550 nm with 
the ground-based data, measured from the sunphotometers in the same regions, at a wavelength of 500 
nm. 
Fig. 2 (a)-(d) presents the comparison of the AOD measured at Chiang Mai, Ubon Ratchathani, 
Nakhon Pathom and Songkhla with the AOD retrieved from MODIS over these regions based on the 
daily values. Overall, the root mean squared difference (RMSD) for Chiang Mai, Ubon Ratchathani, 
Nakhon Pathom and Songkhla are in the range of 33.8% to 53.7%. The comparison of the monthly AOD 
values was shown in Fig. 3. The RMSD for Chiang Mai, Ubon Ratchathani, Nakhon Pathom and 
Songkhla are in the range of 26.4% to 43.6%. The highest RMSD values (53.7% for daily and 43.6% for 
monthly) were observed for Chiang Mai. This suggests that the aerosol model used for the inversion of 
the MODIS radiance measurements might be rather well adapted to the locally produced aerosols but not 
to the case of the biomass burning aerosols in Chiang Mai. In extreme conditions, the AOD values 
retrieved from MODIS are overestimated for clean atmosphere and underestimated for the turbid 
conditions from ground-based measurements [12]. This could be a result from a cease to agricultural 
clean-up activities which lead to a large decrease in biomass burning aerosols in Chiang Mai.  
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Ubon Ratchathani : 2008-2009
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Nakhon Pathom : 2006-2009
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Songkhla : 2007-2009
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Fig. 2. Comparison of  the scatter plots daily AOD between MODIS (AODMODIS) with that measurements (AODMEASUREMENT) by 
ground-based at four sites namely: (a) Chiang Mai; (b) Ubon Ratchathani; (c) Nakhon Pathom and (d) Songkhla. 
(c) (d) 
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Fig. 3. Comparison of  the monthly average AOD between MODIS MODIS (AODMODIS) with that measurements (AODMEASUREMENT)
by ground-based at four sites namely: (a) Chiang Mai; (b) Ubon Ratchathani; (c) Nakhon Pathom and (d) Songkhla. 
4. Conclusions 
This paper has compared the AOD data from MODIS with those from ground-based measurements at 
four different regions in Thailand. They are located in the north of the country (Chiang Mai), in the 
northeast (Ubon Ratchathani), the central part (Nakhon Pathom) and the south (Songkhla). MODIS AOD 
compares better with those from ground-based measurements at the Nakhon Pathom, Ubon Ratchathani 
and Songkhla, but poorer correlations are found at Chiang Mai station where they have large scale 
biomass burning. The root mean square difference (RMSD) between daily AOD retrieved from MODIS 
and that obtained from the ground-based measurements is in the range 33.8%-53.7%. 
(a) (b) 
(c) (d) 
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